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TKCHMCAI, MEMORANDUM X-73332 


THE SKYLAB ATM/ S -056 X-RAY EVENT ANALYZER: 
INSTRUMENT DESCRIPTION. PARAMETER DETER- 
MINATION. AND ANALYSIS EXAMPLE 
(15 JUNE 1973 1B/M3 FLARE) 

I. INTRODUCTION 


(ias-lillfd x-ray detectors tiave lM*en utilized extensively in s*>lar and 
eosmic x-rav astrfjnomy. These detectors Include the ionization chuml)er, the 
Ceiuer-Miiller tui)e, and the proiKjrtional counter, all sharing one common 
eharac lerisue, i.e. , their principle of o|)eration is the absorption ol x-rays. 
Hoover et al. j 1 ) Iiave described the basic theory of x-ray deteeUirs and dis- 
eiisst d Ikjw they are used in solar and cosmic x-ray astronomy investinations. 

A proportional counter, so called iH'cause the mean amplituiie of its 
outpiii pulse is proiKjrtional to the energy of the incident x-ray photon, is 
typically a small cylindrical volume containing a central \rire (anode) held at 
a hinh positive potential with respect to its outer wall (cathode). Kli-elrons 
nenerated in the };as from tlie jjrimary ionizlnn x-ray jihoton are accelerau*d 
Un^ard the ancxle and acquire enough enenty to produce further ion-electron 
pairs l>v eollisions with the neutral i^as atoms, thus causing a cascade c.r 
avalanche of elections which drift towanl the anode where Uiey are collecleil. 
iiie avalanciie contains M electrons for each ion pair ^;enerdted in the ionizing 
event and an associated M positive ions which move toward tlie eatffxle, Uius 
producinn a puls« of current in the external measurlnn circuits. Tii'* param- 
eter .M is knowo a the "j^as multiplication factor," or more si.nply the "^as 
i;aiM," of the counter and has a Gaussian distribution about a mean value 
proportional to the incident x-ray enerjiy’. Thus, by analyzinj; the distribution 
of pulse amplitudes from a proportional counter, one olitains information 
rct^ardinn the spectrum of the Incident x-ray ITux. In neneral, multichannel 
pulse-heinht analyzers, which separate or discriminate pulses into several 
selective amplitude ranges, are used to invcstl(>ate the pulse amplitude dis- 
tribution and extract the s|>cctral data. 


(’•as-fllletl x-ray (U*U*ctorH, in particular profiortional counters urilizinj; 
multichannel pulse-height analyzers, in addition to their ability to detect and 
monitor solar actl\1ty with hinh time resolution (e.n. , the occurrence of x-ray 
enimncenients associated with 11-alpha Hares or eruptive prominence events or 
radio bursts) can also 1 k> used to pi'ol)e the physical comhtions of Uie solar 
plasma volume, i.e., the electnm temperature and emission measure. Horan 
(L’l and Dc're et al. (itj have discussed the determination of these quantities usinK 
ioni/.ation el)aml>er data, a technique which can also be applied to pro|Kutl(mal 
counter data anti which is similar to techniques employe»i by Vaiana et al. [11 , 
Walker et al. If)), Vorjiahl et al. ((>1, and Smith et al. 17,«) in the determina- 
tion of linear physical parameters from x-ray photographic data. 

The pur|x)se of this report is to descrilie the .Skylal) ATM, S-or>(i X-Uay 
Kvent Analyzer (part of Hie NASA-.Marshall Sjiace I'linlit Center The Aerospace 
Corporation x-ray telesco|)t* ex|)eriment) , an x-ray pro|N>rtional counter sys- 
tem em|)loyinn multichannel pulse-height analyzers; to descrilx* the methods 
used in Uh.‘ analysis of its data; and to report results of analysis for a selected 
ev»*nt — the ir> June l'J7J 111 MJ Hare. 


II. INSTRUMENT DESCRIPTION 


The Skylal) ATM/ S-ofiO cxiK'riment consisted of two scientific instru- 
ments; the X-llay Telcsco|)e, which recorded solar x-ray emission on photo- 
i;raphlc film throu;;h several x-ray filters with hl^jh s|>atial and temporal 
resolution, and the X-Ilay flvcnt Analyzer (X-IIH/ , which recorded solar 
x-ray emission by means of a proportional counter system employing multi- 
channel pulse-hel;fht analyzers. The overall experiment desiKo, stressing 
primarily the X-Uay Tclesco|) 0 , has been tlesciibefi by .Valsh et al. ('.)) and 
Underwmxi et al. [10); del.oach et al. [ 11) have sum ized the orUtal and 
^ round -testin;; performance of the instruments. 

The X-llKA consisted of two conventional, coaxial proportional counters 
mounted inside a single housing. The two counters were desi;^uted tlw 
'1)erylllum counter'* and tlie "aluminum counU!r" l>ecause of their window 
maU'iial. The l)eryllium counter had a window thickness of 2.M ■< cm and 
was 1.27 cm in diameter. Further, it had a ;;as mix of xenon-methane (*J0- 
10 |)ercent) at 1 atm and resix)nded to the 2..') to 7.25 A x-ray flux, separating; 
the pulses into 0 wavelen;;th ranges (channels). The aluminum counter had a 
windenv tliickness of (». 25 x 10“^ cm and was 2. 18 x io“ * cm in diameter. The 



wimlow was sup|x>rU'(l by un nliimimmi mosli willi :ui (‘stimat<*(l t nin.smissiuii o! 

HO ptTcont. Further, the* f<nintrr h:u' a uas mix of arunn-im-UKine (JiO-lo |mt- 
cont) at 1 atm and responded to the 0. 1 to 2o A x-rav lliix, separatinu the pulses 
Into 1 wavelenyth ranges (channels). Both counti'is w<'n- L‘.L*2 < ni in li*ii;ith 
and contained a central tunusten wire anode .'"•.oh v t in in thickness. 

Because lioth counters were ' lentiallv uneollimated, both vl- wed the 
full Sun and thus Imd no spatial resolution. Fveiits obsemd in the counters, 
however, could clearly be associated witli pai tlculai' evnts •x-currinn on the 
Sun as lonu as two or more events did not t»ci‘ur simultaneously. The eonvlalion 
of X-ltKA events and solar acti\dtv phenomena was acliieved via a comparison 
of the X-RKA lelcimdrv n'c«)rds witli information couiaiiusl in S»>lar-(ieoplivsical 
Data and with photoi;rapliic imancs oliscrvcd lt\ the X-Rav 1 l•1esc^lpc. 

’Hie pulses in cacti output channel were accumulated for 2. ") s, and tlu> 
accumulated total was transicrred to an output l»uner re^;ister which automati- 
callv erased previous data In the t»ulf«*r. The' in rippb'-lhrounh counters iii the 
diuital si;;nal conditioner wi-re read scquentialh , om-e cvi rv . •'»() ms. and 
teU'inetry sampled the Iniffer four tinms pc'r I'ccond. 

Since the maximum <-ount rate of llu- tulies was approximately (i x in'* 
counts s~*, a ftnir-position aperture wheel cm diameter) was fitted in 

front oi each counter window to incrca.se the dvnamic ranue "f the X-RKA. 
.Successive apertures varit'd l)v approximatelv Imir times in area; thus, the 
smallest aperture (aperture 1) was approximalel\ 'll liiims smalh'r in area 
than the lartjest aperture (aiH'rturc I). 'I'lie apertures I'ould !»«• clianued b\ 
3te>)|»cr motors manuallv l»v the astronaut at the Apolln lelescope Mount (A I'M) 
control and display panel or. more often, automatiealh liv the electronics wliieh 
switclied apertures when the eountini; rale reai'lieil a eerl:nn pr(-.scril)e<l lev«'!. 

An inflluht functional check o| tlu‘ cli'ctronics was jmixidcfl liv intcnia! 
calilirators, one for each proportional counter sulisystem. Kach calibrator 
consisted of a unijunctiun oscillatoi followed l)V a diviiler circuit. TIu' calilira- 
tion sit^nals were terminated whcni the hi;.'.h voltage power sup|)lic*s for the 
counli'i'S were tunied on. No oniKiurd calilualion souries wen* provldisl. 

Li addition to tlie telemetered counts, tin- total count rate Irom all 
chaniuds in t*ach sulisvstem was monitored and displaved on the .\ I'M control 
and displav panel. The counter rate as a function of lime was als«> displa\e<l 


on a plotter (l.o., the lUsUiry plotter) mounted on tlu* ATM ^ 'lUrol and diaplay 
panel. These devlees pro\1ded the astronaut a real-time imln atlon of solar 
x-ray activity and a record of activity versus time, thereby cuuhliny, him to 
select tiK* best mo<le of operation for the X-Uay Telescot)e. 

Fij{ure 1 schematically clcscrll)cs the functional as|x.'cts of an X-UKA 
pro|x>rtional counter subsystem, while Tables 1 and 2 summail/.e the X-IIKA 
physical weight, dimensions, etc. , and channel characteristics, respectively. 
For additional comments concerning the X-UKA, see Reference (121. 



X REA FUNCTiONAi DIAGRAM 

Fl^^urc 1. Functional dia'.;ram of typical X-UKA pro|)ortlonal 

counter subsystem. 


TAHI.K 1. X-UKA KXPKUIMKNT PARAMKTKU.S 


System Parameters ; 

Wci^;ht — ~17 ks 

Size 0. 112 X 0. Ifj? X 0. 18.1 m 

Power (Av'n) — ~13 W at 28 Vdc 
Tcmix?rature limits — 0 to 40*C 
(Allowable Oi)eratlnK) 


•> 









TAHl.K 1. (('omliidivl 


Data Storauf — A TM 14-C TajK' Itcconlrr 
Ihuu llaU> — I’ll nits 2.r> s 

Volta;;f — llion to 2I1IHI Vdc ( Tunraldr) 

Field of Vlt‘\v — lew deurees 
Temporal Uesohilioii — ‘J.ri s 

Alumimiiii Counter ; 

Wavidenutli Itanui* — il. 1 to L’u A 
Pulse IUd^;lil .\nah/' r Chapnels — I 
Spu-ti'al U(‘SoIutii > 1 ) — I A 

Window ( Thiekness) • ln"‘ cm Ahmdmim (1.71 mu em~‘) 

on Aluminum Mesh ( Hu pcircnt 
transparent) 

t.’as Mi\ — Arr,o?i-Methane (!)0-lo p»>reent) 

Ajierluie Aia-as — 1 2.-I.7 >; lu“* cm'* 

2 •"(. :i.') ■< pr^ em'* 

:t 2. Ill pr* em‘ 

•1^ 7.!I2 pr' em‘ 

li«‘r\ Ilium (‘ounter ; 

Wavidenulli U;m;ie — 2. .7 te 7.2'» A 
Pulse lleinh*. Anal\/er ('lianin'ls — li 
.SjKU’tral llesuluii'in — ~n.7 A 

Window (Thiekness) — 2.71 • PT" «-m‘ IkM vIlium ( Hi. 2 m^; em“" 

(las Mix — ,\euon-Metliam (iHi-Pi peieeiit) 

•» 

Apertuia* Areas — I 2.nl ■ P> em" 

2 s. 1 1 pi"'' cm" 


22 pr‘ em^ 
•» 

1 . 2 ( eiu" 


C'orres|M>mls to area o| lulu- wiiulow, 






TADLK 2. X-IIKA l IIANNKI. CIIAHACTKHLSTICS 


Aluminum C'ountor 

1 

Channel 

Wavelen^^tll It’in^o 

■7(x)“ 


1 

ir> to 20 A 

o.oor>0 

IH A ( 1. lo X 10 “*) 

2 

12 to 10 A 

0.071 

14 A ( 1. 11 > 10-*) 


H to 12 A 

0.007 

lo A ( l.os X !()“•) 

4 

0. 1 to K A 

0. :t.^) 

7.0.7 A ( 2 . si X lu"*) 

Total 

0. 1 Ui 20 A 

0. lOH 1 

n.o.'j A ( 1. ')2 X io~*) 

Horvllium Countor 

Channol 

Wavolonutli itanno 



1 

0 to 7.2r> A 

0.077 

0. (,:i A (2. !M) ' lo"®) 

2 

r>. 5 U) •> A 

0. ir.7 

.7.7.7 A (:i. 1 1 10“®) 

:t 

.') to T). r> A 

0. 20 

.7.2.") A (::. 77 X lo"“) 

1 

•1. r> to r, A 

o.2:i 

1.7.7 A (1. 17 X lo“®) 

5 

?r, to 1. r, A 

0. 12 

1. i:i A ( 1. 70 X 10“®) 

r> 

2. .') to d. 7T) A 

0. Ci<; 

:i. i:i A (<i. :::! x io“®) 

Total 

2. .') to 7.2'’) A 

0. 2'.» 

j 

1. ss A ( i.oi; X i(!“®) 


a. Kxclucles aluminum I'.u-sli transmitUmrc (assumi'd to lu- ptTfi iit) . 
I). \ is moan \\•avolon^^lll; « is moan pluiton onor^Nt t alciilalcd liv tlio 
oqualion c = 1.!»h x iu“® cr;; • A \ (A). 
o. T] is moan oountor ollioioiiov ptT iiilorval moan \\av«donutli (a). 























III. PHYSICAL PARAMETER DETERMINATION 


All ol Uic solar soil .\-ru<liutioii which reaches Hk* Karth «>rij;lnalc*s in 
the corona. 1 lus \-rav cncruy mosllv ncncraied l»» rcs<»nance-line emission 
from hinhly ioni/ed alomie s|»eeies and hy Ircc-Irci' and ! rt“e-l)oitnd continuum 
processes, alUiouuh various forhidd<*n lim* emissions, as \v«'ll as the two-i)hoton 
ionlinua, also eorliihule. Walker li:$, 11) has made an iiwlepth review of tiu* 
e«>ronal x-ru} spectrum, and I)oselH‘k lir>, IC,) lias |•evie\^e«l tlu* s|K'etnim «)f 
th«* flahnu Sun. Also, Kiihler (IT) has examined tin- tluM'inal and nonlhevmal 
interpretations « f Hare x-rav inirsls | 1 h, I'.j), and Ik-.laaer et al. lliu) have 
summarf/ed some ri-eent oliservational data on solar Hares. 

Previous spectral measurements indicated that (he (emperature durinu 
Hares excee«ls P( ^ lo*' K, and occasionally lu'oiialdv i-xeeetls :U) x 10® K (21,22). 
The Aeit)sp;»i-e Corporation has devel>>pe<l a « omprehi-nsive pronram for the 
computation of l!ie thermal x-rav spectra. * This pro'.'ram has li«*en applii'd to 
e X-HKA 1)\ folding; the* theoretical sjieetra throunli the calculated rcsponsi* 
ol till X-UK.\ eounti'is. The ri'sultiii',; miHlel siieetrum ior each eoiinU*r appears 
in Tallies :> and 1. The units of tlu- individual entires are counts |K*r second 
pc-r squari' i entimeti*r iK“r unit emission measure o| the emitlinn ohjeet on the 
Sun. Ratios hetveen ehannids in an\ one eounti r or ratios lietAviaai sums of 
ha- uels of lioth counters are therelore equivale'it to similar ratios of the imslel 
X-RKA specirum. i hus, a ik termination of the plasma electron tempi>rature 
is |Missil)le. Table r> i;ives several seleeteil ratios loi- the temperaluri* regime 
of 2 to ;ii) X lu® K which have been used in ti'inperature determination studies. 

/V determination of tlu cuuission measure" is slraiv;htloi*\vard oiu’e the 
temperaUii* i i known. It can be shown that il is the output counts cm”" s"* 

Irom the .X-RKA for a particular channel j and K is the ealeulated .\-RKA 

ri'sponse lor the same channel deduec-d from Table :i or I, then the emission 
measure, denoted K.M, can be written as 


1. Private eommuniealion w ith 1). I,. MeKeii/ii'. 

2. Pri\ate eommunieation with W. Ilen/e. 



TABLE 3. X-REA ALUMINUM COUNTER MODEL SPECTRUM 
VERSUS TEMPERATURE (UNITS ARE COUNTS cm~^ s’* EM’*) 
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TABLE 4. X-REA BERYLLR M COUNTER MODEL SPECTRUM VERSUS 
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table 5. SELECTED MODEL SPF TRIM RATIOS VERSUS TEMPERATITIE 
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TABLE 5. (Concluded) 
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where N is the electron density and V is the volume of the emittinK plasma, 
e 

By assuming a volume, a determination of the electron density is accomplished; 
i.e. , 



IV. ANALYSIS EXAMPLE (15 JUNE 1973 1B/M3 FLARE) 


The example chosen to illustrate the analysis using the X-REA data is 
the 15 June 1973 IB/ M3, 11-alpha tw'o-ribbon flare which occurred in McMath 
12379 ( NOAA active region AR131) at N17W32 around 1413 UT (Il-alpha Max) 
as rc{X)rtcd by Birman et al. (23). This flare (24] was chosen lx.'causc it was 
the major flare of the first manned Skylab mission and good correlation was 
possible between a number of Skylab and other instruments. Also, because it 
occurred in the first manned mission, the data should be very reliable, not 
suffering from the deterioration associated with methane -quenched counters 
(McKenzie, private communication). 

The telemetered X-REA data (i.e. , the "raw” data) hm-c units of counts 
per aperture area |x;r 2. 5 s. Since it is desirable to have the output of both 
counters expressed in counts cm s and since the a()crturc areas are not 
equal for the same a|)crturc number, tlic data must be adjusted accordingly. 
This is accomplished by correcting for aperture area and time, so that the 
units arc now counts cm”^ s~* (converted) . These counts are designated 
"converted" because they still are not the true or "correct" count rates incident 
on the surface of the counter window. The correct counts are obtained by 
multiplying the converted values by the appropriate inverse of X-REA efficiency 
term and, when appropriate, adjusting for the degradation of tlie counter tubes, 
known to lx: a problem in the latter part of the Skylab mission. However, the 
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converted count rates an* pro|»orti(»nal In thi* true enunt ratevs, and iMu ause the 
theoretical response functions have taken into aeenunt the effieieneies of tin* 
counters, only converted count rates are use«l in plots of the data. Also, 
lK*cause Uie degradation of tla* lulies did not inanifesl itsell until late in the 
Skylah mission, a knowleti^e oi their cie^radation funetions is not req aired for 
events occurrinu in tlie first and part of tlie second manned missions. 

Fijjures 2 and .3 show the count rates f<ir selected en<Tfj> channels and the 
Uatals of the laeryllium counter (Fin. 2) and tlie aluminum lounlt’r ( Fin* •>) • 
Fln'ife *i depicts the same event as oliservcd 1)V SOl.llAI) !l. A comparison of 
the X-ilK’A dau» witli the .SOI.ILNL '> <laUi is aeeomplislied l»v normali/iin; *Jk‘ 
daUi with respi'ct to tlie pi’.ak oi the event. 'I'his mniparison is sh«i\Mi in Finaires 
.3 and 0, wlien* only the toUil iM-ryllium (Fin. ■"') and aluminum e<>unt ( Fin. '•) 
rates are eonijiared with the SOl.itAI) !i 1 to s A and s to 20 A lluxes, res|M*e- 
tively. Sinee Uie SUl.llAli 0 imunory data have a time resnlulion of 1 min, the 
X-IIKA daUi have lieen averaned eorrespondinnlv. 

Very eIo.se anreement is ohserved In twemi the liervllinm counter a. id tlie 
SOl.lL-XD y 1 to S A data, both .showinn p« aU lluxes at 1111 I T. Similar ri.se 
and lall curves are noted durinn the iK’riod iMtnmhnn the peak, i.e. , Mo(i to 
1‘1-Ui FT. Some diserepaney is noted jirior to l ion FT and mav he attrihuted to 
noisy SOIJIAI) ‘J 1 to H A data, sinee the haeknruund count levels were 
t’lihaneed between to 1 loii I I , It is eomduded Ihal theX-UFA lierxilium 

counter properly recorded the whole Sun x-rav emission and lliat obseiTcd 
variations in tlu* data are real and represent aeinal variations in the 

intensity of the solar x-ray emission. 

C’oneeminn the comparison of the X-K1!A aluminum eountc'r and the 
.SOI.ILAI) y H to 20 A data, similar peak oeeurrenee times are lound between 
l-ll.'iand 1 IlH F'r. However, tin- pi-ellaie, llaie rise, and Hare fall nonn;ili/ed 
tliix curves are different. The piellaie .X-KFA aluminum counter levels are 
sonu-what higher than the .SOI.IFM) y s to li'i A h-u Is, bv a l.iclor of approxi- 
matelv l.t>. AI.so, the .X-UF.\ aluminum eounler shows aii emission deea\ rate 
of 0.2!( min betwet'ii 1 120 and I l lo I i’, which is to be compared to the rate o| 

0. 1 min for tlie .SOI. HAD instrument. Know leilr.e o| ihe S( d U.\l) y s to 2o A 
rise pliase is ineonipleti' beeausi' ol data ilroponi betvi eii 1 |irj and 1 los I T; 
therelore, a t;oo(i eompnri.son of the two insl runieni s duriii;; this pha.se cannot 
be aeeomplislusi. lUdween 1-loy and I llo I T, however, Ihe two counters 
di.splayed similar rise eurviss, with tlu' .X-HFA eounii r alwavs showiim slirhtlv 
hii;lier values. The af.>renientioned disen-paneies mav b<- :itii-ibnted to noise 


♦, flux ( COUNTS csr* r ' iconvi nrt on 



FiKurc 2. X-IIEA flux (beryllium counter total, channel (» and channel 5) 
for the 15 June 1973 IB M3 Hare in AIU31 (1340 to MM IT). 
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for the 15 June 1975 IB Mo fiare in AR151 to 1444 IT). 
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In the X-REA aluminum counter and, ix'rhaps, to sllKhtI)' different handpaasea. 
It la concluded that the X-HEA aluminum counU‘r did otjaerv'e real changea in 
the aolar x-ray cmlasion; ho.vever, the analysis of its data is ham^xsred by 
noise. 


licKardlnR the comparison of the X-UEA and SOLR/\D countcra It la also 
noted that the smootiuicss of the X-UEA data and the ability of the counters to 
record subtle changes in the x-ray emission may be indications that the X-REA 
counters were, indeed, the more sensitive of the two instruments. Hence, the 
X-UEA counter, with its 2.5 s time resolution, may be of consiucrable benefit 
for describing rapid Intensity variations in solar x-ray emissions needed for 
correlations with railio burst data ami the like. 

To ascertain the absolute calibration of the X-UEA, one of two different 
approaches can be followed. First, it can be assumed tliat the coimters Ixihaved 
as theoretically predicted: therefore, by correctini; for eounter efficiencies, 
adjustinu for bandpasses, and multlpl\1nn the resultant nundiers by appropriate 
mt an photon enei’fdes (o.j{. , assume that all the counts can be described by 
usinn Uie mldw'avelenKth energy values in a conversion from counts cm”* s”* 
to ern cm”* s”*) , one can deduce fluxes in terms of cr^ cm”* s”*, which should 
be comparable to SOLRAl) 9 fluxes. A second approach assumes tliat at least 
two enerjty channels in one of the counters (c.j;. , channels 5 and 6 In the 
beryllium counter) arc accurate. One uses these enerny channels and the model 
siicctrum to deduce a temperature for the iieak of the event. Then, by working 
backwards, one can deduce the necessary counts cm s to give such a tem- 
perature in ratios between the assumed true energy channels and the suspect 
channels (or totals). Li this way one can determine the authenticity of each 
channel (and total) relative to the assumed true energy channels and, by the 
first method outlined previously, comfiare the results with SOIJIAD 9. 

Following the first method, the beryllium counU*r data arc a factor of 
:i. Mf> lower than the corresponding .SOIJIAD 9 1 to 8 A values for the period 
Mor, to lli'l UT. This discrepancy may be attiibuted to a combination of 
tactors: the correctness ol Ll.e .JOl HAD 9 1 to H A values, the accuracy of the 
X-HE.\ efficiency detennlnations, the exactness of the bandwidth adjustment 
(approximated by the exi)resslon AX X-HE.A/ AX SOIJIAD it, where AX is 
simpl. the instrin.ient Ijandpass; ff>r the beryllium countci, the adjusting factor 
is 0.()M), and the preciseness of using the mean photon encfgy calculated from 
the mean wavelength of the beryllium counter (equal U) ‘l.Oti x 10"* erg/ count, 
assuming X - 1.8K A) be representative ol the entire .spectrum. A .similar 
result is ob.seiwed for the ahiminun. counter data for the period 1.146 to 1401 UT, 
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when • factor of 1.66 lower than the corrcsjKjndlnn SOLRAD 9 8 * . 20 A values 
Is noted. However, this factor chanKcs greatly with time, bcin^ 0.81 higher 
for the period 1410 to 1420 UT, 0.40 for the period 1421 to 1430 UT, and 0. 18 
for the period 1431 to 1444 UT. These discrepancies, in addition to those 
factors already described, may be attributed to noise in the aluminum counter, 
which apparently is count-rate dependent. 

From EUV spectral line data, Cheng® luis deduced a ixjak temperature of 
14 X 10* K. This value is virtually identical to one deduced using the ratio 
beryllium channel 6 to beryllium channel 5, which yields a peak temperature of 
14.5 X 10* K. Thus, by assuming these channels to be correct, one can take 
additional ratios, in particular Iwrylllum channels 5 6 tx) ix*rylllum total, 

beryllium chaiLiels 5 6 to aluminum U>tal, beryllium total to aluminum total, 

and beryllium 5 •' 6 to aluminum 3 + 4, to deduce ‘heir corres|)ondlng fluxes and 
compare these fluxes with the xrfjserved fluxes to determine any instrumental 
effects. Unfortunately, this approach has only one reference point, l.c. the 
IK-ak temperature, and, as such, can really only lx* applied to the peak tem|)cra- 
turc time. If one assumes that the beryllium channels 5 and 0 arc accurate 
over the entire event interval, then one can determine the accuracies of the 
total counts for the same overall period. 

Figure 7 displays the oliserved Ijcrylllum channel 6 to channel 5 ratio as 
a function of time and its associated temperature profile. One observes pre- 
flare ratios to be approximately 0.45, indicative of temperatures of approxi- 
mately 4.5 X 10* K. The ratio (hence, temperature) anrl the flux (Fig. 2, 
beryllium channels 5 and 6) show increased values beginning about 1355 UT, 
peaking approximately 1411 to 1412 UT In tem|x>raturo (14.5 x lo® K) and 
1413 to 1414 UT in flux. Thereafter, the values decrease slowly with the 
exception of a slight temperature enhancement at approximately 1426 UT. A 
data drojwut is noted at 1430 LIT. This tomperature profile is taken as nascline 
for comparisons with the aforementioned ratios (observed values and calculateu 
values based on the beryllium channels 6 to .5 reference). 

Figure 8 is the result of this intercof '.pailson between the baseline 
reference channels l>cryllium 5 + 6 and the tKJryllium counter total. Plotted are 
the observed ratio, observed tem;x?rature (based on the observed ratio), knd 
the calculated ratio, computed by assuming the beryllium channel 6/5 tempera- 
ture profile (also plotted) to l)c correct and determining what the ratio must be 
to give such a temperature. C)nc notices that the shape of the curves for the 
observed and calculated ratios are similar, indlcaUng tliat the beryllium counter 


3. Private communication with C. C. Chong. 
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Fijjurc 7. X-REA channel ratio profile (ber>ilium counter channel G 
to channel 5) and its associated temperature profile for the 
15 June 1973 IB/ M3 flare in AR131 (1346 to 1444 UT) . 
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Figure 8. Comparison of observed X-REA cliannel ratio profile 
(beryllium counter channels 5 + 6 total) and calculated profile; 
comparison of observed temperature profiles. 
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remained fairly stable and did not introduce an appreciable number of noise 
counts. However, as evidenced in Figure 9, the aluminum counter showed a 
great deal of variation during the event. Figure 10 illustrates the tlme-profllc 
variation of the two counters more clearly. First, one notes that the total 
obsei'vcd counts in both counters arc below the calculated values using the 
beryllium channels 6/ 5 ratio and their sum. This may be attributed partly to 
degradated counters. Second, the beryllium counter, as noted earlier, appears 
to have been fairly stable during the event. Pjnic variation is however, observed 
during the rise portion of the flare, but the effect is quite small, especially in 
comparison to that of the aluminum counter. An average multiplier value of 
approximately 2.41 is obtained. Third, no one average multiplier value truly 
represents the aluminum counter time-profile variation. One observes that the 
aluminum counter appeared to Improve (i.e. , have a lower multiplier value) 
as the event progressed, especially between 1410 and 1444 UT. During this 
Inter'a! its average multiplier value is approximately 3. 72. The average value 
for the preflarc portion (i.e. , 1346 to 1353 UT) Is 7. 10 and for the flarc-iise 
portion (l.c. , 1354 to 1409 UT) is 13.1. A weighted average for these three 
time intervals yields an average multiplier value of a{)proximately G.77. 

Because of this variation, it is concluded that ratios involving the aluminum 
counter total counts are unreliable. 

To ascertain whether or not the variation in the aluminum counter total 
counts extends to all aluminum counter channels, one can take ratios of selected 
aluminum counter channels with the beryllium channels 5 + G. Because the ratio 
of beryllium channels 5 + 6 to aluminum channels 3 + 4 is thc'»retlcally a good 
indicator of temperature (Table 5) , it will be used here. Figure 11 depicts the 
obser/ed beryllium channels 5 + G to aluminum channels 3 + 4 ratio profile as 
well as its observed temperature profile. The beryllium channels 6/ 5 reference 
temperature profile is also plotted. The tin’o temperature profiles are quite 
similar, and their spread is always less than 2.4 x lo® K. While the reference 
ratio determines an average jieak temperature of 14. 5 x lo* K, the beryllium 
channels 5 + 6 to aluminum channels 3 + 4 ratio yields a temperature of 15. 9 x 
10® K. The aluminum counter channels 3 + 4 variation is only slightly apparent 
in the temperature profile between the two intervals 1412 to 142G UT and 142G to 
M44 UT, suggesting that the variation In the aluminum counter total counts may 
be attributed chiefly to the lower energy channels. 

Completing the second method to directly compare the X-REA and 
SOIJL'\D 9 data on the same energy scale, the previous results have been 
compared with the results of the first method. The beryllium counter data are 
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Fltjurc 9. Comparison of obscr\'cd X-UEA channel ratio profile 
(beryllium counter channels 5 + 0 to aluminum counter total) 
and calculated profile; comparison of observed 
temperature profiles. 
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Figure 10. Time-profile variations (multiplier versus time). 

found to l)e still low by a factor of aiTjiroxImately 1.(5 in comparison to the 
SOIJIAD 9 1 to 8 A data. This suggests tliat at least part of the disci'epancy 
may lie attributed to an inappropriate mean |)hoton energ>’ conversion factor. 

' Thus, instead of the value I.OO x K)“® erg, count for \ = 4.88 A, one should use 

the value (5.5 x lo”® erg, count, Implying a \ = :5.05 A. The variation in the 
alun.mum counter tiata, altiilnited to noise, makes such an intercom par Ison 
somewhat cumliersome. Hence, no attempt has been made to complete the 
second method for the aluminum counter data. 
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Flj;urc 11. 01)scr\’cd X-UEA channel ratio profile (beryllium counter 
channels .") + 0 to aluminum counter channels .‘1 + 4) and comparison of 
observed temperature jirofilcs (l)eryllium counter channels 3 + 0 to 
aluminum counter channels .'J + 4, and bci*ylllum counter channels 
(i to r>) for 13 June 1973 IR M3 Hare in AI1131 ( 134C) to 1444 IT). 
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The analysis of ihr X-UKA <lata foiuornin;; tin* (l^■l(•^nination of thi- 
physical parameters ol the event is suininari/ed as lollows. Hie beryllluni 
counter eliannels <1 o rati«f \iehls an ayerane peak teni|K.*raturi- of '< l'» K 
at l-lll to Mil! I T. The l»er\ Ilium eliannels ‘t + f. to aluminum channels li + I 
ratio yields an averaKO |M.'aU Umiperature o| ir).tj x lu'* K at 1 1112 I'T. Thus, a 
mean averatie pciak ti-mperatui'e of 1 .■>. 2 x in® K at T112 I'T i-» dediu isl. I sinj' 
tlu*se two ratios and their assoeiat(‘d tem|H‘rature pr<jliles, one can ileduee 
ayt ra^e emission measure values. Mased on tlie Iko n Ilium liiannels <» r» ratio 
and Its ass(H‘iated temperature prolile, a value ol al x in'* cm is found lor 
the averaue |K-ak emission measure oeeurrinu at MIT IT. I his is to lie eom- 
paied with tlie \alue o| T. oh •• lir^” em”^ at 1 IKi I T dediu-ed f.-om tlie l>er\llium 
i-hamu'ls T + <1 to aluminum eliannels It f I ratio and its associated temperature 
protile. Thus, a mean averane peak tmiission mea.sur«‘ ol V.2I < l<> cm ' at 
I'llt) I r is detei'iuineil, whieh eorres(Hinds to a mean a\erav;e electron density 
of 2.<><i X lo*‘* cm assuminii a volume of cm^. ri;;uiv 12 d»‘piets the 
mean averatjc' \:iliu‘s of temperature, emission measun', and ••le< tron density 
(assumin',; a voIuim lo * cm^) as a Imu tion of tiim for Ihi* i-\’enl. 


V. DISCUSSION 

The anahsis ol the IT .Iiine ItiTll event i - important lor several reasons. 

I'ii'sl, it was the maior Hare ol the lirsl Skvlah mission and, m ku I, one o| 
the lap;» .si flares observed over the entire Skvlab opei-ational peiiod. Si-i-ond, 
since a number of instruments observed it, this llari' ma\ be used as a reler- 
enee or ealiliralion event. A larue number of papers IL’T-TI) alreadv have been 
publislied eonei'rninu the Hare. Altliou”li it is bevond tlie s< ope ol lliis rei»ort 
to summari/e all tne results coneeriiim; tlie IT -lune I'.iTl’. evmit, an attempt is 
maile to liii;hli;;ht some of the fimiinns as related to temperature, deiisitv, and 
llu.x variation with time. 

Uesults ol till' anahsis of the X-ltKA data indicate that tlie .\-rav emission 
showed siuns o| bei-omiiu; enlianci'd as earh as l.'iT.T I T, poalan'.; in the 2.T to 
7.2T A band at 1 11 1 I i' anil in the <>. I to 2o A liand at 1 lib to MIT I 'l', and 
tlien slowU decaviii',;, reaehinn a v.ilne ol :i. T • in • tunes the peak nnrm:ili/erl i 

nu\ in the 2. T to T.2T A band at 1111 1 T. An increase in ll•mperalure and a 
dee lease in densitv are concurrent with the initial lliix iiu iva.se. Tempe-rature 
and densitv show slow increases between l lnl and 1 Ins I I’ and rapid inereasi'S 
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Figure 12. Suniniarv of nhysical parameter detcrniination results for the 
Ifj June 197:i IB, MJ Hare in AUIJI (i:MG to 14J1 FT), based on 
averaKiiiu values deduced from ratios of beryllium counter 
channels G to and beryllium counter channels r> + G to 
aluminum counter channels G + 1. 
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after 140H UT. The tem|K*rature ix;aks at 1412 I’T, havinK a value of approxi- 
mately 15.2 X lu* K (approximately i20 |H-rcent), and the density iwaks at 
1410 to 1417 L'T, liavInK a vtlue of approximately 2.00 x lo*® cm”* (aasuminK 
a flare plasma volume of 10*‘' cm*). TemiJerature and density' decrease after 
their res|>ective maxima, with some Indication of eontinuetl heating occurring 
liotween 142U and 1427 I'T and a correspcxidinK lessenlnK of the density decay 
sloix; iH'tween 1427 and 1404 L'T. The x-ray manifestation of the flare further 
indicates that it t<x)k, a-ssumin^ the x-ray enhcncement start at 1055 L'T, 
approximately 10 min to attain 0.5 times the |>eak flux value from IjackKround, 
only 0 min to reach |K>ak from the 0. 5 times the |)eak flux value, and 7 min 
to decay from |>eak to 0.5 times the peak flux value. 

A comparison of tee X-UKA results with some of tee results refxirted 
In the literature .sliows KOo<i agreement. In particular, Widin^ and Chen^ (25) 
re|)ort a peak tem|)crnture of liJ x lo® k, and more recently Ciienn re|)ort8 a 
|H‘ak ten»|)erature of 14 x lo® K. The X-HKA peak tem(K'rature lies between 
tliese values and certainly, with its 20 j)erc«*nt error liars, encom|)asses them. 
Wiciinn and C'henn I25j also sunj^est tlwt the temperature drof)|K*d l>eIow 10 x 
10® K at 1419 L'T, a sut>nesilon confirmed by the X-llK.A results. They also 
re|K)i’t that the electron density was 5 x lo*® cm”* (assuminn a flare volume of 
10 ^^ cm*) at 1412 L'T, wliich is also conflrme<l l)y X-llKA results (assuming a 
volume of lo** cm* implies a density of 4.9 x lo*® cm”* at 1412 L’T). The X-KKA 
<lata, however, cannot confirm the su>;nestion that the temix’rature had drop[)cd 
to 5 X 10® K at 1423 LT. This |x'rhaps can Ik> explained by the lar^c fleld-of- 
view of the X-IIKA in comparison to a small slit used in the Naval Hescarch 
laboratory Instrument. At ao time were temperatures found to exceed approxi- 
mately 17 X 10® K, observed in tlie 2.5 s resolution data. (It must be recalled 
that the temperatures and (tensities presented preWously are based on 1 min 
averages of the X-llKA data. Sliuhtly hi her and lower values surrounding this 
mean are noted when uiinu the 2.5 s resolution data. ) This may be somewhat 
contradictory to the view presented by Drueckner (35) , who explains the flare 
in terms of a liot kernel at a tc'm|K*rature nn'ater than 20 x lo® K surrounded 
by a hot cloud at 20 x lo® K. The results are, however. In agreement with 
those of .Sandlin et al. (53), who suut;c.st a peak fcm|H*rature less than 20 x 
10® K. 
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